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Abstract 
Unexpected fluctuation of wind power output will become serious problems from the viewpoint of stable supply for an electricity
grid. Operating a battery system installed in the grid for mitigating the short-term fluctuation is one of the new approaches for 
grid stabilization. In this paper, we propose a method of generating synthetic wind power profiles with high temporal resolution
for power flow simulation which aims to estimate the impact of wind power fluctuation and specify the required battery system. 
We numerically show the plausibility of the synthetic wind power profiles from the viewpoints of statistical properties. 
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1. Introduction  
The unexpected output fluctuation of wind power generation causes serious problems from the viewpoint of 
stable supply for an electricity grid, e.g. the lack of frequency control ability. Operating a battery system installed in 
the grid is one of the new approaches for grid stabilization. Recently, a demonstration of the battery system has 
begun in Japan; i.e. the Nishi-Sendai Substation Battery Energy Storage System Project operated by Tohoku Electric 
Power Company. Basically, this type of system aims to assist mitigating the short-term fluctuation caused by 
renewable energy sources such as wind power installed largely in the grid, whose periodical cycle is about 10 
seconds to 20 minutes which cannot be mitigated by using only conventional frequency control system. To 
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implement such a new system, it is important to estimate the impact of wind power fluctuation and the performance 
requirement for battery system under the future introduction of wind energy. Power flow simulation is one of the 
useful approaches for such an estimation. Therefore, it needs various wind power profile sets; particularly for 
plausible simulation, the wind power profile sets should hold the following properties: 
x time-series statistical properties of short-term fluctuations, 
x spatial statistical properties of wind power plant installation site. 
In this paper, we particularly focus on the time-series statistical properties and propose a method for generating 
synthetic wind power profiles with high temporal resolution by reproducing plausible statistical behavior of real-
world short-term fluctuation; the plausible sequence of short-term fluctuation is generated on the basis of the block 
bootstrap for reproducing above-mentioned statistical properties. 
2. Generation framework 
The short-term fluctuation in wind power generation has non-stationary time-series statistical properties; e.g. its 
temporal correlation structure and volatility are influenced by a lot of factors such as weather condition and 
mechanical control system. The above-mentioned battery system aims to mitigate this kind of short-term fluctuation, 
so that it is important to reproduce the statistical properties of short-term fluctuation in wind power generation for a 
plausible power flow simulation. There have been some studies about generating synthetic wind power profiles for 
such a simulation [1, 3]. However, most of these approaches aim to generate hourly wind speed profiles and have not 
focused on generating wind power profiles with high temporal resolution, so that these approaches do not suit to our 
requirement. The authors previously have proposed the generation procedure of synthetic wind power profiles with 
high temporal resolution by using meteorological wind speed records with low temporal resolution based on the 
ARMA bootstrap approach [4, 6].  
Let  be the time step of low temporal resolution observation (e.g. ),  be the time step of 
required high temporal resolution (e.g. ),  be the index of time-series with low temporal 
resolution, and  be the index of time-series with high temporal resolution. In our previous work [6], the 
low resolutional wind speed sequence  at the target point is predicted by using the low resolutional 
meteorological wind speed data observed around the target point. Then, the predicted wind speed sequence  is 
converted into the sequence of wind power generation  with low temporal resolution. Finally, the sequence of 
wind power generation  is temporally interpolated and added the sequence of plausible short-term fluctuation 
 to obtain our requirement wind power profile . The sequence of plausible short-term fluctuation was 
expressed by using the ARMA model in our previous work. However, there are cases that the stationary ARMA 
model could not express the unstationary property of short-term fluctuation in wind energy sufficiently. In this 
paper, we focus on the generation procedure to obtain the plausible fluctuation .
3. Reproduction of short-term wind power fluctuation 
The purpose of this study is to reproduce the time-series statistical property of short-term fluctuation in real-world 
wind power generation. One of the simplest approaches regarding this kind of purpose is adding a random number 
for each time slice. However, this random approach is unable to guarantee the temporal correlation structure, so that 
it is incapable of reflectingthe statistical property of short-term fluctuation. In this paper, we introduce two methods 
to generate the plausible sequence of fluctuation ; one is based on the autoregressive mean average (ARMA) 
bootstrap approach [2], and the other is based on the block bootstrap approach [5]. The former approach has been 
introduced in our previous work [6]. This method aims to reproduce the time-series statistical property of the 
sequence  by using the ARMA model for deriving fluctuation, and its volatility is scaled by the coefficient 
derived with the regression model which uses the current wind speed as an explanatory variable. However, the 
bootstrapping result based on the ARMA model is sensitive to the model adequateness. Particularly, the short-term 
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fluctuation in wind power generation has a non-stationary structure, so that this approach has a difficulty in tuning 
time-series statistical models. On the other hand, the latter approach based on the block bootstrap method does not 
assume a particular time-series statistical modl but takes into account the relationship between the short-term 
fluctuation and the current wind speed. 
We construct a database  based on the block sample set of the predicted wind speed 
sequence  of the length , and the fluctuation sequence  of the length  at the same time. The proposed block 
bootstrap procedure is described as follows.  
i. Refer the predicted wind speed .
ii. Calculate the similarity  between the reference  and the database component , and extract 
index subset I (|I |=N, N<<M) of the N-nearest samples from .
iii. Select an index I randomly based on the probability .
iv. Derive the corresponding fluctuation sequence  from database. 
v. Repeat from i. to v. and concatenate  to complete the whole fluctuation sequence .
In this paper, the similarity  and probability  are given as follows, 
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Figure 1 shows a concept of concatenating block samples. We adopt the weighted sum of the overlapped block 
sequences to alleviate the discontinuity of the time-series statistical properties at the concatenating points. We merge 
two block samples overlapping each other with the length  as shown in Fig. 1. 
Fig. 1. Concept of concatenating block sample. 
The block length  should be determined so as to have similar correlation structure with the observed sequence and 
the size of overlapping  should be determined so as not to break the correlation structure of the plausible sequence. 
In this paper, we determine the appropriate length  and  so that the error of the auto correlation function (ACF) 
between the observed sequence and generated sequence are minimized. 
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4. Numerical experiments 
To evaluate the statistical plausibility of reproduced fluctuations, we performed the numerical experiments by 
using s dataset of the real-world wind power generation. We compare the following three types of fluctuations; 
x fluctuations generated by naive bootstrap, 
x fluctuations generated by the ARMA bootstrap approach, 
x fluctuations generated by the block bootstrap approach. 
We use a dataset of the meteorological wind speed acquired every 10 minutes by AMeDAS (Automated 
Meteorological Data Acquisition System) at Chugoku area in Japan. In the dataset, there are nine wind turbines in 
the wind farm and 17 meteorological points around the wind farm. Figure 2 shows locational information of wind 
turbines and meteorological points used in the experiment. 
Fig. 2. Locational information. 
We construct our proposed framework by using the data subset of wind turbine No. 1 consisting of 100 days from 
March 20th until June 30th, and apply the proposed generation procedure to the data subset of wind turbine No. 9 
consisting of one week from July 1st to 7th for evaluation. In this experiment, the block length  (two hours) 
and the size of overlapping  (five minutes) are used for the proposed method based on the block bootstrap 
approach. We generate ten plausible sequences for each method respectively and compare them with the observed 
sequence for evaluation. 
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In order to evaluate time-series statistical property of short-term fluctuations in wind power profiles, we focus on 
the ACF of the detrended sequence , where the detrended sequence  is derived from the wind power 
generation sequence  by subtracting the mean average of the previous 20 minutes as follows, 
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The detrended sequence  represents a typical short-term fluctuation in wind power generation. We compare 
the ACF of the generated fluctuations  which is focused on the previous 20 minutes (120 time slices) from the 
viewpoints of its Root Means Square Error (RMSE) with that of the observed fluctuation  as follows, 
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and  is the average value of the detrended sequence . Figure 3 shows an example of four types of ACFs 
calculated by using the corresponding detrended sequences. 
Fig. 3. ACFs of the detrended sequences, (a) observed; (b) random bootstrap result; (c) ARMA bootstrap result; (d) block bootstrap. 
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Figure 4 shows the boxplot of RMSEACF of ten generated fluctuations. The average RMSEACF of the naive 
bootstrap is 0.336, that of the ARMA bootstrap is 0.170 and the block bootstrap is 0.125. 
Fig. 4. Boxplot of RMSEACF of ten generated sequences. 
As shown in Figs. 3 and 4, our proposed methods reflect the correlation structure of detrended sequence with 
relatively high accuracy. Furthermore, to evaluate the volatility, we focus on the sequences of 20 minutes (120 time 
slices) moving window variances . The element of  is expressed as follows, 
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We compare the sequence of variance  by using the RMSE with the observed variance sequence as follows, 
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Figure 5 shows the boxplot of the  of ten generated fluctuations. The average  of the naive 
bootstrap is 82,688, that of the ARMA bootstrap is 58,142 and the block bootstrap is 25,477. 
Fig. 5. Boxplot of RMSEV of ten gnerated fluctuations. 
As shown in Fig. 5, our proposed method reflects the volatility of detrended sequence with relatively high 
accuracy. The results show that the proposed method based on the block bootstrap approach appropriately 
reproduces time-series statistical property of the real-world fluctuation in wind power generation from the viewpoint 
of the autocorrelation function and the volatility. 
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5. Conclusion 
In this paper, the authors introduce two approaches to generate plausible short-term fluctuation for synthetic wind 
power profiles and experimentally evaluate them by using real-world dataset. The experimental results show that 
our proposed method based on the block bootstrap approach appropriately reproduces the real-world time-series 
statistical property. Especially, the autocorrelation structure of the generated short-term fluctuation based on the 
block bootstrap approach is improved 26.5% from the ARMA bootstrap approach. Our approach will contribute to 
an impact analysis of short-term wind power fluctuation on the power grid in the future. 
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